Claude
Bernard! ?%ou sbouldst be living at this hour. (With apologies to Wordsworth)
Let me say first how deeply honored I am to be selected as the Claude Bernard Distinguished Lecturer by the Teaching Section. What makes it so special is that it comes from colleagues who themselves have devoted great efforts to teaching, despite the unfortunate value system that pervades academia.
Since accepting the invitation I have felt like the professor whose favorite topic was the Johnstown flood; when he died and went to heaven St. Peter told him that he would be allowed to give a lecture on any subject he wished to the assembled angels, and he of course selected the Johnstown flood. St. Peter told him that would be fine, but he ought to know in advance that Noah would be in the audience.
What can I say to all you Noahs? Something hopeful -like God has revoked the countercurrent system and we'll never have to teach it again. But what I decided on is my own hopes for the future and how badly needed all of you are. I'll start with my theme concerning the central role of teaching in the future of physiology and then describe how two crucial attitudes will shape that future. Following this diagnosis, I'll give prescriptions for some of the specific things I'd like to see done.
THEME AND TWO ATTITUDES
It is doubly appropriate that this lectureship bears Claude Bernard's name, since I want to proclaim that the physiology he did so much to create is still very much alive and could be entering a new golden age. I stress "could" because just the opposite fate is also possible: My basic theme today is that the quality and breadth of our teaching, even more than our research, will decide the future of physiology. My reasoning is simple:
in this era of molecular biology and profound reductionism all basic biomedical research Zook?s homogeneous; therefore, it is our teaching that must convey our uniqueness to the young My basic theme today is that the quality and breadth of our teaching, even more than our research, will decide the future of physiology.
people from whose ranks will come the next generation of physiologists; it is our teaching that must convince our institutions that physiology is truly a distinct discipline and that physiology departments perform a central unifying role in the training of medical students; it is our teaching that must convey physiology's special reseach achievements to the public, upon whom we depend for funding and permission to perform animal research.
For our teaching to achieve these happy goals, two overarching attitudes must be reshaped: one concerns the importance that we attach to teaching in our careers and the other how we view the very "The questions of the students are often the source of new research. They often ask profound questions that I've thought about at times and then given up on, so to speak, for a while. It wouldn't do me any harm to think about them again and see if I can go any further now. The students may not be able to see the thing I want to answer, or the subtleties I want to think about, but they remind me of a problem by asking questions in the neighborhood of that problem. It's not so easy to remind yourself of these things.
"So I find that teaching and the students keep life going, and I would never accept any position in which somebody has invented a happy situation for me where I don't have to teach. Never."
What Feynman says about students and research has happened to me many times. but the solution to this monomaniacal system, which is badfor body and soul, is not togive in to it but to work to change it. One way we can do this is to make ourselves invaluable to our schools through our teaching.
One last point and then I'll let you go. You must approach your teaching with the same seriousness and effort you devote to your research. You will be interacting with several hundred students a year; nothing you will ever do in the research lab is as likely to impact on so many lives. Treat the students as colleagues, aspartners in learning. You do this by interacting with them; there are plenty of ways to do this, even while lecturing, and I'll give you some tips at our next meeting. first time in its history the APS officially adopt and promulgate a definition of physiology: 'Integrative Biology,' the biology of the future." The report went on to state that physiology is "a unique branch of biology that deals with syntheses and integration and ultimately seeks to understand the functioning of whole organisms. "
I want to be clear that, at least to me, the view of physiology as integrated biology is not antireductionist; the "top-down" and "bottom-up" approaches are both important in physiological research. Nor does it deny the important insights and techniques that molecular biology has contributed and will continue to contribute to reseach in physiology. Rather, this view reasserts physiology's unique point of view and unique mission (9, 10, 17, 20) which many seem to have forgotten.
The Long-Range Planning Commission Report also stated that ". . . the next revolution in biology will be in the integrative organismic domain," with physiologists leading the way. I fully agree with this prediction, and I don't think it is simply whistling in the dark. Far from dying, physiology should be entering its most fertile period, for it is physiologists who must integrate the findings of cellular and molecular biology in a great synthetic movement back up the levels of biological organization.2 And the challenge will be for teachers to capture the excitement of all this, to revel in the complexities of function, communication, and control in multiple hierarchies, everything connected and interacting with everything else. My wife teases me that, to paraphrase Will Rogers, I never met a flow-diagram I didn't like. I might add that it was the excitement of finding new ways to describe these interactions that first motivated me to write textbooks. So much for shaping attitudes. Let us assume that physiologists will take their teaching seriously and that they will be secure in the identity of their unique research and teaching domains. We have now the tasks of attracting great young people to our discipline, training them to be effective, knowledgeable teachers, and playing our role with them However, I've been talking at you for more than 20 minutes and you need to wake up and work on an interesting problem for the next minute or so. Later I'll give you the answer to the problem and my reason for assigning it. It is shown in Fig. 2 ; assume that the batteries in this circuit are ideal and that the light bulbs are all identical. Your job is to rank-order the brightness of the bulbs.
UNDERGRADUATE TEACHING
First, I want to say to all my colleagues who teach undergraduates: You are overworked and underappreciated, but you are the single most important link in the chain of physiology education. An individual's undergraduate experience is usually crucial for choosing a career. Most undergraduates, even when applying to graduate school, have difficulties understanding the differences between the various biomedical sciences, and helping them make this distinction is one important function of undergraduate physiology teaching.
Introducing the topic in this way makes undergraduate teaching seem to be only self-serving, a way of recruiting new people, and this is not my belief at all. We ought to be teaching physiology to undergraduates in and for itself, because a knowledge of how one's body works is an essential part of a liberal education. Happily, in performing our mission of teaching physiology to all comers we can also achieve our goal of attracting the best of them into physiology.
We oagbt to be teaching physiology to undergraduates in and for itselx because a knowledge of bow one's body works is an essentialpart of a liberal education.
Happily, in performing our mission of teaching physiology to all comers we can also achieve our goal of attracting the best of them into physiology.
In undergraduate life-sciences education we have a real challenge to be a bridge between the esoteric reductionism of molecular biology and the most holistic aspects of organismic function, to which the students are intrinsically attracted. In the construction of introductory human-physiology courses, the challenges are to have students see that physiology, in its focus on function, spans the full range of organizational levels, that physiologists pursue both reductionist and integrating strategies, and that physiology is a living experimental field uniquely committed to looking at the whole person. It's important to think about novel ways of structuring undergraduate courses (and the textbooks designed for them) so that they best accomplish these objectives. For example, Penny Hansen and Kenneth Roberts have described a course built around ordinary human situations rather than the traditional organ systems (13). THE CLAUDE BERNARD DISTINGUISHED LECTURE I'd like to tell you about the most enjoyable course I have ever given at any educational level. It was in the 1970s and the course was called, rather ostentatiously, "Environmental Challenges: The Physiology of Human Survival." It dealt with traditional environmental physiology, but also with the body's adaptations to nutritional challenges, noise, psychological stress, and toxic chemicals (25). Its only prerequisite was our undergraduate human physiology course (or a college course in Biology), and it attracted 75-100 students a year. In addition to several exams, based entirely on problem solving, each student's major responsibility was to generate a reseach proposal -to pick a highly specific question, review lo-15 original research articles dealing with it, and then generate a testable hypothesis; at the end of the term the students held a mini Experimental Biology (FASEB, in those days) meeting, in which they presented 15-min summaries of their papers to the other students and then fielded questions. Crucial to this end point were weekly small-group conferences, whose major function was to help the students learn how to look up literature, analyze research articles, and formulate hypotheses. I was pleased that several students, after taking the course, decided to go into physiology and eventually entered our department as graduate students. One of them had been majoring in the humanities, and I will always remember him musing out loud the day of the presentations: "I can't believe I'm doing this, sitting here and talking about research and loving it." An instructor can live on that for a long time.
Claude Bernard has provided another excellent approach to course design (4):
I am devoting my whole course at the College de France this year to the study of curare, not for the sake of the substance itsel& but because this study shows us bow the simplest single determinism, such as the lesion of a terminal motor nerve, re-echoing successively from all the other vital units, leads to secondary determinisms, which grow more and more complicated till death ensues.
At this point, to avoid being stoned to death, I must say to my colleagues in liberal-arts colleges and smaller universities that I am not advocating that you do more teaching; you are already doing your share and then some. I do make that plea, however, to the faculty of medical-school departments. I am certain that in most large universities the numbers of potential students for human physiology courses far exceed the present number of undergraduate faculty available (or motivated) to teach them. I would urge every medical school physically connected with an undergraduate institution to offer at least one undergraduate course in human physiology. Our own course, open to all students, has no prerequisites, and I believe this is essential so as not to put up unnecessary barriers for the students, especially those not in the sciences. The offering of such a course has to be done not in competition with the undergraduate biology faculty but in a spirit of cooperation, which has certainly existed in my own university. The Biology departments have more or less deserted the field of integrative phyiology teaching, and there is a large pool of students waiting to sample our wares. In the words from a recent movie: "If you build it, they will come."
This kind of interaction might also stimulate thinking on another extremely important issue: the appropriate relationship between undergraduate and medical-school physiology. As more medical schools move to curricula that decrease or even eliminate disciplinary courses in physiology, a bizarre situation is emerging: the physiology course taken by a student as an undergraduate frequently has the same or greater content than the student's first-year medical course. And the contents are organized in the same way.
I can't leave the topic of undergraduates without giving those of you who have never taught at that level my favorite example of how creative these young people can be. My first experience with undergraduates, soon after I came on faculty, was through a summer program for them doing research in our labs. I was somewhat leary about what I could have them do since they had had only limited coursework in physiology (our own undergraduate course was not fully developed at that time). My worries proved groundless, for the students read THE CLAUDE BERNARD DISTINGUISHED LECTURE voraciously and I had my first experience of being a facilitator of active learning. At the end of the summer the two young women who had worked in my lab presented me with a board game they had created: "Nephron, " complete with kidney-bean counters. The goal of the game was to move along pathways according to the roll of the dice and to be excreted ahead of the other players. To do this, of course, you had to be filtered or secreted, and you had to avoid pulling from the stack of monopolystyle cards the ones that read, "You have been reabsorbed," or "go to the descending limb of Henle's loop and be recycled in the medulla," or "you have just become bound to plasma protein and are no longer filterable." These beginning students had developed for themselves a model that contained all the essential basic components of renal physiology. I wish I could show you a picture of the game, but much to my sorrow it was lost during a departmental move.
PREPARING GRADUATE STUDENTS FOR TEACHING
One of our greatest challenges is to train graduate students to be effective teachers; to give them the confidence, knowledge, and motivation to teach integrative physiology and be facilitators in the newer types of curricula.
One component of such training is the providing of supervised teaching experiences as well as formal didactic instruction in teaching methodology. For at least 25 years the Physiology Department at Michigan has required graduate students to teach in the laboratories and small-group conferences of all our courses. They have also functioned as tutors. The entire faculty has participated in this program in a small way, by sitting in on one or more of the students' conferences and providing both evaluation and feedback to the student. Some additional instruction in teaching techniques is given in a weekly session. In general, the students have enjoyed their experiences, and it was an important factor in causing several of them to choose teaching, rather than bench research, as their primary professional mission. Unfortunately, with the disappearance of labs and the small-group conferences in our medical course, the opportunities for teaching in our department have been decreased greatly, and I suspect this is true nationwide.
I would urge the APS to set up a task force to do a full survey of such training activities in all departments that offer the Ph.D. in physiology and then make recommendations as to how to achieve Joel Michael's goal of applying "the kind of rigor to this (training) effort that (we) expect in (our) research and that is increasingly possible in pedagogy (16). " It is mind-boggling that many faculty, who expend huge efforts training their students to do research, somehow have concluded that teaching, a no-lessdifficult activity, requires no special training. The notion that good teachers are born, not made, is a counterproductive myth, often a self-fulfilling prophecy* One of our greatest challenges is to train graduate students to be eflective teachers; to give them the con@dence, knowledge, and motivation to teach integrative physiology and be facilitators in the newer types of curricula.
In addition to specific training, another goal is important: to inculcate graduate students with an appreciation of integrative physiology, to help them to be well-rounded and adaptable enough to teach in a variety of settings in the future. The reality, of course, is that the graduate curriculum of most schools has become quite narrowly focused. It has followed the same evolution as the physiologists delivering it. After an introductory course in classical organ-system physiology, most additional courses, departmental research seminars, and thesis problems emphasize the techniques and approaches of cellular and molecular biology.
My hope is that departmental faculty will recognize that training programs need to reflect the many THE CLAUDE BERNARD DISTINGUISHED LECTURE potential future roles of the graduates, not just the immediate research interests of the faculty. This is true not only for our graduates' future careers as teachers but also as researchers. We must not make the same mistake as generals who are always preparing for the last war, or economists who are always preparing for the last depression. As physiology research comes to deal again with more integrative questions, the problem of narrow training will naturally fade. But while we are waiting, I'd like to suggest a few small measures that could help.
It is mind-boggling that many faculty, who expend huge eflorts training their students to do research, somehow have concluded that teaching, a no-less-dz'cult activity, requires no special training.
1) Faculty should make more of an effort to seek out for some departmental research seminars persons whose work is in an integrative area, even though no one in the department is doing this type of research. For example, one of our most exciting (and best attended) recent departmental seminars dealt with protein metabolism and urine formation in hibernating grizzly bears.
2) There could be a formal course based on the analysis of real case histories, as espoused by Joseph Engelberg. He has described how valuable such experience could be for those destined to teach in the health professions and also what a wonderful vehicle cases are for sparking interesting scientific discussions that transcend the usual organ-system boundaries (7).
3) Similar benefits could be achieved by analysis of classic papers that display the power of systems thinking. For example, I would have every student discuss Arthur Guyton's brilliant synthesis of the complex interacting pathways that can lead to hypertension and the logic that led him to implicate the kidneys as major contributors (11).
4) Lab experiments. I think it important to have graduate students do at least some of the classic ones, specifically those done on themselves. I was interested to read that high-school teachers and students at last year's Past President's Symposium were most excited by the mini-experiments they did with their own pulse and respiration rates, and I found myself wondering who would know how to demonstrate them twenty years from now.
In ending this section I want to emphasize another important benefit from providing broad training to graduate students: it will inevitably influence the development and views of the younger faculty, who themselves were narrowly trained or come, as is often the case now, from different disciplines altogether.
THE TEACHING OF MEDICAL STUDENTS
We come now to one of the pressing questions in medical education: How is the medical curriculum to be structured, and what are to be the roles of basic scientists and basic science departments in it? This question raises considerable angst in physiolgists, and for good reason. Both problem-based and highly integrated curricula are associated with large reductions in the time allotted to a separate physiology course, or they eliminate the course altogether. If, as I argued earlier in my talk, our survival is based on our teaching, then does not this process eliminate that base?
That certainly is a possibility, but one can also make a strong argument for the opposite view. The problem-solving skills and integrationist point of view that broadly trained physiologists have make them uniquely suited to be excellent teachers in these curricula, especially to be facilitators in problembased ones, more suited even than the clinical faculty, who are too busy to do the job anyway. Because we can see the big picture and because physiology is so central to understanding disease, broadly trained physiologists can be comfortable in these situations. And, as Penny Hansen and Kenneth Roberts have brought out (12), physiology gives relevance to all the other basic sciences. Sooner or later, if we do our job, Academic Deans will come to recognize all this. This is why I have harped on the need to train physiology graduate students broadly. The mechanistic details keep popping out on my computer screen as though they had a will of their own. Can I really not tell students which channels and transporters aldosterone influences? But is this really part of the core knowledge of physicians? Isn't it enough for them simply to know that aldosterone stimulates sodium reabsorption and potassium secretion? To make decisions like this it would be invaluable to have the consensus on content that I described earlier.
The third requirement is a physiology faculty adept at promoting their students' active learning and problem-solving skills. It is totally unrealistic to imagine that large numbers of physiologists will become experts in cognitive science, but that really isn't necessary. To take a large leap forward, all one need do for now is obtain and study the first 95 pages of a small volume entitled Promoting Active Learning in the Life Science Classroom, edited by Harold I. Model1 and Joel A. Michael (I 8). I am not being flippant; this volume is very useful. The APS should sponsor, at regular intervals, conferences and workshops of the kind that gave birth to it, and Advances in Physiology Education can meanwhile be a vehicle for the sharing of good simple problems and other practical applications of the basic ideas. What I'm trying to say is that even with a very modest effort, we can do a far better job than we have.
My experience while preparing this talk has convinced me this is true. Now I will tell you that the light-bulb problem I gave you earlier (Fig. 2) is from one of the papers in the volume just cited (15), by a physicist, Lillian McDermott, whose group has been doing for physics exactly what we need done for physiology: studying student understanding and using the findings for developing curriculum. The correct answer to the problem is A= D= E > B= C. I certainly got it wrong. I'm in good company: only 15% of students in calculus-based physics courses, high-school physics teachers, and university faculty who teach other sciences and mathematics give the correct ranking. I presented it to you to as an inducement to read her article and ponder her conclusions concerning the great discrepancies between how faculty teach and how students learn. These conclusions, although made specifically for physics teaching, have considerable relevance for physiology.
It's time to stop. In closing I want to say that I know how concerned many of my colleagues are about the future of physiology. One view of the future can take the form expressed by Woody Allen, in what he called his speech to the graduates (2): "More than any other time in history, mankind faces a crossroads. One path leads to despair and utter hopelessness. The other, to total extinction. Let us pray we have the wisdom to choose correctly." Instead of this attitude let us adopt that attributed to another great American philosopher, Yogi Berra: "When you get to a fork in the road, take it!" I'd like to let Claude Bernard have the final word (4): "It is that which we do know which is the greatest hindrance to our learning that which we do not know." Thank you all for this wonderful honor and the chance to speak to you. THE CLAUDE BERNARD DISTINGUISHED LECTURE (6 . . . the nervous system is called upon to regulate the harmony which exists between all these [elements of the internal environment]" (4). We would now add to the nervous system the endocrine and paracrine systems.
The concept of an integrated control of the various internal environments of the body has undergone further evolutionary development, including Walter Cannon's ideas on homeostasis (3); it was further extended by the writings of Joseph Barcroft (1) by the concepts of cybernetics (6) and the application of control system theory to physiology, and by the growth of biochemistry and endocrinology. In this age of molecular biology, the hypotheses stemming from Bernard's ideas still remain one of the major challenges of biology (2).
Throughout
his career Claude Bernard's experimental work, put into conceptual structures, was often presented first in public lectures, with actual demonstrations of animal experiments; these lectures were then published, to influence the subsequent course of physiology.
Bernard in later life bought the manor house at St. Julien and, until his death in 1878, returned each fall to assist in the grape harvest.
